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Introduction
Otosclerosis is a disease of the temporal bone that affects the inner and middle ear. It is characterized by a pathological pleomorphic replacement of normal bone with spongiotic or sclerotic bone [1] . Otosclerosis has traditionally been presumptively diagnosed by characteristic clinical findings on medical history, physical examination and audiology testing [2] . However, final intraoperative assessment of stapes footplate fixation is required to confirm otosclerosis. Stapes surgery has become the mainstay of primary treatment of conductive hearing loss in otosclerosis [3] . Otosclerosis is relatively rare and hence understudied in the Asian population compared to Caucasians. Huang and Lee [2] reported that only 1.13% of patients treated for impaired hearing in Taiwan had the disease. Due to rarity of the disease in the population, reports on outcomes of stapes surgery among Asians are scarce and low-powered.
Patient demographical data extracted from case notes included age at surgery, sex, race, unilateral or bilateral disease and side of ear affected.
Surgical procedure
The surgery was done under general anaesthesia, via a transcanal approach. All cases were performed with microscopic approach. The stapes footplate was tested for fixation to confirm the diagnosis of otosclerosis. The prosthesis we used was a Teflon-wire piston design where both the diameter and length could be selected. The distance between the underside of the incus and surface of the footplate was measured, to assist in the selection of a prosthesis which was 0.25 mm longer than this measured distance. Using a Skeeter microdrill (Medtronic, Xomed, Jacksonville, FL, USA), a stapedotomy fenestration was created on the footplate of 0.2 mm greater diameter than the intended piston diameter. If for any reason a larger fenestration had been created on the stapes footplate, for example when a fragment of footplate removed along with the base of a crura, the fenestration is described as a partial stapedectomy rather than a stapedotomy.
Pre-operative and post-operative audiometric assessment
Audiological evaluation was carried out using puretone audiometry (PTA) which was performed in accordance to the standards set by American Academy of Otolaryngology-Head and Neck Surgery Foundation [9] . Pre-operative results were based on the most recent audiogram performed prior to surgery. The post-operative results used for analysis were based on the puretone audiogram results that were routinely performed 6 months after surgery in our institute. PTA was calculated for air-conduction (AC), bone-conduction (BC), air-bone gap (ABG) using the mean of 0.5, 1.0 and 3.0 kHz thresholds in accordance to the new and revised reporting guidelines from the Committee on Hearing and Equilibrium [9] . Our three main measured outcomes were post-op ABG, improvement in AC thresholds and percentage improvement in ABG (ABGi). ABGi is calculated by the percentage improvement in ABG based on the original ABG.
Statistical analysis
Statistical analysis was performed with IBM SPSS Statistics Version 21.
Based on existing data in the literature, we selected and investigated the effect of multiple pre-operative factors on our measured outcomes. Independent variables measured using quantitative data (age, pre-operative ABG, AC and BC thresholds) were dichotomised into two groups based on the median value of the dataset. As mentioned, our primary outcomes measured were post-operative ABG levels, improvement in AC thresholds and ABGi. Each of these outcomes was categorized prognostic factors affecting post-operative outcome in stapes surgery in current literature. In our review of the existing literature, the few studies that attempted to investigate the impact of some pre-operative or intra-operative factors failed to reach a common consensus [6] [7] [8] . Studies conducted by Ueda [8] and Bittermann [6] demonstrated that a smaller preoperative ABG increases the chance of better postoperative closure but Gerard, et al. [7] identified no variables that were prognostic among the factors they studied.
The success of ear surgery is conventionally measured by post-operative ABG and gain in AC thresholds. These are considered objective outcomes that reflect the absolute gain in hearing threshold of the individual after the surgery. However, they do not factor in the individual's pre-operative hearing thresholds into the equation. Therefore, this overlooks the fact that the patient with a larger ABG prior to surgery has benefited more compared to another for the same post-operative ABG achieved. In this study, we included the percentage improvement in ABG as an additional outcome measure in attempt to reflect the relative gain in hearing after stapes surgery.
In summary, the aim of this paper is to report the post-operative outcomes of stapes surgery in our population and to determine the prognostic significance of various pre-operative factors on post-operative hearing outcomes.
Methods
Ethical approval was obtained from National Healthcare Group (NHG) Institutional Ethics Review Board (IRB). Collection of data from this study was entirely through operative notes and clinical data found in medical records and therefore no direct patient contact was required.
We performed a retrospective study of all consecutive cases of primary stapes surgery performed in our institution (Tan Tock Seng Hospital, Singapore) from January 2006 to June 2016. The diagnosis of otosclerosis was based on a clinical history of progressive hearing loss with normal otoscopic findings, an audiogram showing conductive hearing loss and subsequently confirmed by decreased mobility of ossicular chain intra-operatively. In addition, all patients underwent computed tomography of the temporal bone prior to their operation. Only cases with complete clinical, surgical and demographic data were included for this retrospective study. Patients with known congenital malformations, a history of chronic ear infections, previous operation, or sudden sensorineural hearing loss of the affected ear were excluded. For patients in whom both ears met inclusion criteria, each ear was included and analyzed separately. In patients with bilateral disease, the worse ear was operated on first.
Pre-operative hearing
The pre-operative audiometry results are summarized in Table 2 . The mean pre-operative ABG was 35 dB (range 18.0-60.0). The cases were divided into two groups based on median pre-operative ABG of 30 dB. Thirty (33.3%) of cases had a pre-operative ABG level of 30 dB or less, while the remaining 60 (66.7%) had levels of more than 30 dB.
The mean pre-operative BC thresholds were 34.4 dB (range 16.7-66.7). The number of cases that had pre-operative BC that were 30 dB and less was 41 (45.6%) while the rest (54.4%, n = 49) had BC levels of greater than 30 dB. The mean pre-operative AC threshold was 69 dB (range 27.7-108.7). The cohort was divided into 2 groups based on the median pre-operative AC threshold of 70 dB. Fifty-four (60.0%) of cases had pre-operative AC levels of 70 dB and less; the remaining 36 (40.0%) cases had pre-operative AC levels greater than 70 dB. Table 3 summarizes the post-operative audiometry outcomes at 6 months. Out of the 90 ears that were operated on, 80.0% (n = 72) had excellent post-operative ABG results (post-operative ABG of 10 dB or less), 17.8% (n = 16) had good results (post-operative ABG of 10.1-20 dB) and only 2.2% (n = 2) had poor results (post-operative ABG of > 20 dB). The mean post-operative ABG into 'ideal' (defined as ABG closure of ≤ 10 dB, gain in AC ≥ 20 dB and ABGi ≥ 70%) and 'not ideal' subgroups. The pre-operative predictors selected in our analysis included: age at surgery (50 years or less/greater than 50 years), sex (male/female), unilateral/bilateral disease, pre-operative ABG (≤ 30 dB/> 30 dB), AC (≤ 70 dB/> 70 dB) and BC thresholds (≤ 30 dB/> 30 dB). The association between these pre-operative predictors and hearing outcomes (ideal versus not ideal) were analyzed using χ 2 test. Mann-Whitney U test was used to analyze the influence of the same pre-operative predictors on ABGi. A p value of ≤ 0.05 considered as being statistically significant.
Post-operative results

Results
Seventy-six patients with otosclerosis underwent primary stapes surgery from January 2006 to June 2016. A total of 90 stapes surgery was performed. Seventy-seven (85.6%) were stapedotomies and the remaining 13 were stapedectomies (14.4%). The demographics of the cases can be summarized in Table 1 .
The mean age at time of surgery was 50.4 years and ranged from 41-73 years, with an equal distribution of males and females. The side of operated ears comprised 43.3% (n = 39) left ears and 56.7% right ears (n = 51). In terms of race, the majority of the operated ears belonged to Chinese (67.8%, n = 61), followed by Indian (21.1%, n = 19), Malay (7%, n = 6) and others (4%, n = 4). Most ears that were operated on had bilateral disease (72.2%). Only 28.9% (n = 26) of patients had underwent a trial of hearing aids prior to operation. results on the effect of pre-operative variables studied on post-operative ABG can be summarized in Table 4 . We found no significant difference in the attainment of ideal post-operative ABG based on the pre-operative variables studied.
Post-operative gain in AC
We set the threshold for gain in AC at 20 dB; cases that resulted in a gain in AC thresholds of 20 dB or more were considered to have an ideal outcome. Once again, none of the variables analyzed was significant for affecting post-operative improvement of AC thresholds. The results are further elaborated in Table 5 .
Post-operative ABGi
In terms of outcome as measured by ABGi, we arbitrarily defined a percentage improvement in ABG (ABGi) of 70% or more as an ideal result. This study found that was 8.8 dB (range 0-28.3). The two patients who had 'poor results' had a post-operative ABG of 22.6 and 28.3 dB. In terms of post-operative gain in AC, 84.7% (n = 76) achieved a gain of ≥ 20 dB with a mean gain of 31.6 dB (range 6.4-63.4 dB). The mean ABGi was 78.8% with a range from 21.1-100%. 78.9% (n = 71) of cases achieved an ideal ABGi of ≥ 70%.
Impact of pre-operative variables on outcome
We studied the impact of several pre-operative variables (including age at surgery, sex, unilateral/bilateral disease, pre-operative ABG, AC and BC thresholds) on post-operative outcomes, as measured by post-operative ABG, gain in AC and ABGi.
Post-operative ABG
We considered a post-operative ABG of 10 dB or less as 'ideal' and ABG greater than 10 dB as 'not ideal'. Our In addition to measuring post-operative results based on the standard 'absolute' post-operative audiometry parameters such as ABG levels, AC and BC thresholds used in most studies, we incorporated ABGi as an alternative outcome measure. Based on the logic that given the same post-operative ABG outcomes attained, patients who had a larger pre-operative ABG benefited relatively more compared to those with a smaller pre-operative ABG. ABGi reflects the relative gain in hearing function by expressing the gain in ABG closure as a percentage of the pre-operative value. Therefore, we believe that this better reflects the individual 'relative' benefit from the surgery. Our current study reports a mean ABGi gain after surgery of 78.8% with 78.9% (n = 71) patients achieving an ABGi of 70%. The only other study that incorporated measurement of percentage improvement in ABG levels was by Koopman [16] who reported a mean ABGi of about 53%. He also encouraged the incorporation of "relative gain" in pre-operative counseling for patient and supported the role of ABGi as such a measure. This is further supported by Caylakli who reported that patients with the largest pre-operative ABG had the greatest increase in post-operative speech discrimination score [17] . However, more studies specifically looking at the relationship between ABGi and improvement in subjective hearing after surgery are required to validate the use of ABGi as an accepted outcome measure.
In the second part of our study, we aimed to investigate the role of pre-operative clinical and audiological factors in predicting surgical success. Compared to ossiculoplasty [18] [19] [20] [21] , there is currently a paucity of information and a lack on consensus with regards to prognostic factors relating to stapes surgery [6] [7] [8] 16, 22, 23] . Studies by Ueda, et al. [8] and Bittermann [6] both found that a smaller pre-operative ABG had better closure of post-operative ABG. In addition, the study by Bittermann also demonstrated that older patients were more likely to achieve a post-opera-the group with larger pre-operative ABG had a higher mean post-operative ABGi and this was statistically significant (mean of 85.7 versus 72.5%, p < 0.001). We similarly found that cases with a pre-operative ABG of > 30 were more likely to achieve a post-operative ABGi that was ideal (p = < 0.001; Odds Ratio, OR 4.26 95% Confidence Interval, CI = 1.91-20.01). However, none of the other variables analyzed significantly affected post-operative ABGi outcomes (Table 6 ).
Discussion
Stapes surgery is an established primary treatment for conductive hearing loss in otosclerosis. Reported successful air-bone gap (ABG) closure (closed to ≤ 10 dB) results in current literature range from 95.5% to 63.6% [4, 5, 7, 10] . To our knowledge, there is currently no large-scale published data reporting the results of stapes surgery in the Asia-pacific region to date. A study of twenty-nine patients by Mahfudz and Lokman conducted in Malaysia reported a closure of ABG to within 10 dB in 74.3% of cases [11] . In this study conducted in an Asian population, 80.0% of cases achieved excellent 6-month post-operative ABG levels of ≤ 10 dB and up to 97.8% achieved at least good results (ABG ≤ 20 dB). We have reported higher rates of ideal ABG results attained post-stapes surgery compared to some of the existing studies. For example, Bittermann, et al. [6] and Kisilevsky, et al. [4] reported a mean post-operative ABG of 10 dB or less in 72.1% and 75.2% of their patients respectively. Vincent, et al. [12] published results of as high as 95.6% (n = 800) of patients achieving post-operative ABG of 10 dB or less at a mean follow-up period of 1 year, which is one of the highest success rates in the existing literature. The large variability in surgical outcomes after stapes surgery may be partially explained by differences in surgical experience and technique as suggested by Hughes and Yung, et al. [13] [14] [15] . Table 6 : Impact of pre-operative variables on post-operative ABGi.
ABGi
ABGi grouped into ideal vs. non-ideal outcomes Mean ABGi (%) Significance, p = ≥ 70%, n = (%) < 70%, n = (%) Significance, p = Odds ratio (95% CI) tive ABG of 10 dB or less. In contrast to Bittermann's results, Marchese, et al. [23] reported that older patients in fact had a poorer outcome after stapedotomy. In this study, we investigated the impact of age, sex, unilateral versus bilateral disease, as well as pre-operative ABG, AC and BC thresholds on post-operative outcomes. We found that ideal post-operative ABG (≤ 10 dB) and improvement in AC thresholds (≥ 20 dB) was not influenced by any of the pre-operative variables studied. In other words, ideal post-operative outcomes can be achieved regardless of the severity of pre-operative hearing deficits or other factors such as age, gender or bilateralism of disease. In terms of outcome measured by ABGi, this study reports that cases with larger pre-operative ABG (> 30 dB) are statistically more likely to achieve better ABGi in terms of mean ABGi and probability of achieving ideal ABGi (≥ 70%). This suggests that patients who have a more significant conductive hearing loss or larger ABG benefit relatively more from surgery compared to those with a smaller ABG. This is in agreement with our finding that the achievement of ideal post-op ABG is independent of the magnitude of pre-operative ABG. These findings are consistent with the recent study by Koopman who similarly could not demonstrate any pre-operative factors that significantly influences post-surgical ABG outcome [16] . He also reported a greater ABGi in patients with higher pre-operative ABG (≥ 29 dB). However, he reported that cases with higher AC threshold also had statistically significant higher post-operative ABGi. This trend was noted in our study but fell just short of achieving statistical significance (p = 0.052; OR 1.585) and this may be possibly explained due to our smaller sample size.
Conclusion
In conclusion, our study conducted in an Asian population setting adds to the growing body of literature supporting the favorable outcomes of surgical treatment for otosclerosis which should remain as the mainstay of treatment. Comparable outcomes are generally achievable regardless of pre-operative hearing status. Finally, patients with larger pre-operative hearing deficits are likely to benefit relatively more from surgery.
